Topology and secondary structure of the N-terminal domain of diacylglycerol kinase.
Prokaryotic diacylglycerol kinase (DAGK) functions as a homotrimer of 13 kDa subunits, each of which has three transmembrane segments. This enzyme is conditionally essential to some bacteria and serves as a model system for studies of membrane protein biocatalysis, stability, folding, and misfolding. In this work, the detailed topology and secondary structure of DAGK's N-terminus up through the loop following the first transmembrane domain were probed by NMR spectroscopy. Secondary structure was mapped by measuring 13C NMR chemical shifts. Residue-to-residue topology was probed by measuring 19F NMR relaxation rates for site-specifically labeled samples in the presence and absence of polar and hydrophobic paramagnetic probes. Most of DAGK's N-terminal cytoplasmic and first transmembrane segments are alpha-helical. The first and second transmembrane helices are separated by a short loop from residues 48 to 52. The first transmembrane segment extends from residues 32 to 48. Most of the N-terminal cytoplasmic domain lies near the interface but does not extend deeply into the membrane. Finally, catalytic activities measured for the single cysteine mutants before and after chemical labeling suggest that the N-terminal cytoplasmic domain likely contains a number of critical active site residues. The results, therefore, suggest that DAGK's active site lies very near to the water/bilayer interface.